Catalyst material
ZSM-5 (CBV 2314) in its ammonia form was purchased from Zeolyst International (Valley Forge, PA, USA). ZSM-5 in its hydrogen form (HZSM-5) was obtained by calcining the purchased ZSM-5 at 500 C in air atmosphere for 4 h. Then the zeolite powder was pelletized at 35 MPa for 5 min, followed by crushing and sieving to 40-60 mesh (0.25-0.42 mm). Before use, the HZSM-5 particles were calcined again at 500 C in air atmosphere for 4 h to remove impurities.
Catalytic reaction test
The setup of reaction system is depicted in 
Catalyst characterization via NH 3 -TPD and titration
Temperature-programmed desorption of ammonia (NH3-TPD) was conducted in a ChemBET Pulsar TPR/TPD unit (Quantachrome Instruments, Boynton Beach, FL, USA) equipped with a thermal conductivity detector (TCD) to measure the NH3 desorption. A quartz sample U-tube loaded with 0.1 g of catalyst was pretreated from room temperature to 650 ºC at a rate of 10 ºC/min with helium flow (27 mL/min) and maintained at the end temperature for 1 h.
Then the sample was cooled down to 150 C and titrated by injecting known amount of ammonia pulses until the saturation point was passed, followed by flushing with helium for 1 h to remove physically adsorbed ammonia. Subsequently, the sample was heated to 650 ºC at a rate of 10 ºC /min with helium flow (27 mL/min), and maintained at 650 ºC for 30 min. The TCD detector recorded the signal of desorbed ammonia as a function of temperature.
The acquired NH3-TPD curve (Fig. SI 2) was background corrected and deconvoluted to analyze the distribution of acid strength. The deconvolution was performed using the built-in software of TPRWin to resolve the curve into three components (Split-Gaussian method) centered around 250 ºC, 350 ºC, and 450 ºC, representing weak, medium, and strong acids respectively. The results are presented in Table SI 1 together with the data of manufacturer specifications. , and (ii) 2800-3100 cm −1 . The vibrations in the first range correspond to polycondensed aromatics, conjugated olefins, plus some bending modes of aliphatics, while the second range corresponds to aliphatics (asymmetric and symmetric stretching) and single-ring aromatics [1] . According to Yoda et al. [2] , glycerol is adsorbed to the zeolite as confirmed by the IR band at 1461 cm −1 . The interaction between the glycerol with the bridging OH groups on the zeolite is observed around 2900 cm are attributed to adsorbed acetol.
The same device was used to perform infrared pyridine adsorption for the analysis of acid types on HZSM-5. Before pyridine adsorption, a self-supported sample without KBr dilution was filled in a DRIFTS cell and pretreated at 400 ºC under vacuum and flow of helium for 2 h. The sample was cooled down to room temperature and then pyridine vapor was admitted to the cell through a vacuum line at room temperature for 2 h. After evacuating the weakly-bound pyridine at 150 ºC for 2 h, the sample was cooled down to room temperature and the IR spectra were recorded with 128 scans and a resolution of 4 cm -1
. It should be pointed out that the spent catalyst was diluted with quartz sand of the same size that was difficult to be separated out.
Therefore, it is difficult to compare the pyridine adsorptions by directly comparing the IR peak height or area. Nonetheless, the ratio of the peak height or area clearly shows that Brønsted acids decreased after reaction, especially at the pyridine-Brønsted acid site complex as indicated by IR vibrations at 1636 and 1609 cm -1 (Fig. 2a) . The IR spectra were interpreted according to Kim et al. [3] and Stevens et al. [4] .
Determination of coke amount via thermogravimetry
Thermogravimetric and differential thermal analysis (TG-DTA) of the spent catalysts was performed using a Perkin Elmer Diamond TG/DTA system (Waltham, MA, USA), and the results are shown in Fig. SI 3 . Using 15 mg of spent catalyst, the temperature was programmed from room temperature up to 750 C at a heating rate of 5 C/min with a flux of air at 20 mL/min.
Before the test, all samples were washed with deionized water and centrifuged for three times, and then the collected solids were dried at 105 C overnight. while for the gas-phase reaction, this peak shifted ~50 o C higher, indicating that "harder" coke was formed in the gas-phase reaction.
Analysis of product distribution and coking using GC and GC-MS
The gas and liquid samples were quantified using a Agilent 7820A gas chromatography equipped with a FID detector (GC-FID) and a VB-WAX capillary column (Valco Instruments, Houston, TX, USA). To ensure the identification of the products and coke precursors, Gas
Chromatography Mass Spectrometry (GC-MS) was also carried out using a HP 5890A GC-MS system equipped with the same capillary column.
Glycerol conversion, product selectivity and yield, and carbon balance are defined below.
The carbon balance in Table 1 was calculated based on the summation of the gas products and the aqueous products. The spent catalyst was extracted with methanol and the extract was qualitatively analyzed using GC-MS (Fig. SI 8) . 
